Abstract High serum fluoride (
time of 15 min. Electrode potential of the rest of the standards ionic fluoride (F−) levels in the renal failure patients and other samples was recorded strictly according to the receiving HD and CAPD. This report may provide above procedure. The electrode was thoroughly rinsed and baseline informations about the serum ionic fluoride blotted dry after each measurement. The immersion depth levels in normal subjects and in ESRD patients receiv-of the electrode and the speed of the stirrer was kept constant ing long-term CAPD or haemodialysis ( HD).
throughout the subsequent measurements. The pH/mV meter and the electrode were calibrated to a baseline electrode potential value of 200-205 mV in double-deionized water Subjects and methods after every three readings. Finally, a calibration curve was constructed by plotting electrode potential (mV ) values of Subjects fluoride standards against their concentrations on a twocycle semilogarithmic graph paper. The concentration of Serum samples of 17 healthy, fasting staÂ members, con-serum and water samples was determined by plotting the sisting of 12 ( 71%) males and five (29%) females with an age potential measurement of each sample and reading the range of 29-57 years and a mean age of 39 years, were corresponding fluoride concentration from the calibration collected and analysed for ionic fluoride concentration. None curve. of the staÂ members had a clinical history of bone or renal disease.
Statistical analysis
Thirty-nine ESRD patients on dialysis, aged 13-75 years, consisting of 22 (56%) females and 17 ( 44%) males, were
Means of three groups (1, healthy fasting control subjects; recruited for this study. These patients were attending our 2, ESRD patients on HD; 3, ESRD patients on CAPD) were nephrology clinics at King Khalid University Hospital, and compared by one-way analysis of variance (ANOVA). Security Forces Hospital, Riyadh, Saudi Arabia. Of the total Between groups means were compared by applying Student's 39 patients, 9 (23%) had been on CAPD and 30 (77%) on t-test. A P value of <0.05 was considered statistically haemodialysis (HD), thrice a week, for the last 6 months.
significant. The diÂerence in mean serum ionic fluoride Blood samples for serum ionic fluoride determination were concentration between various age groups was evaluated by collected just before the dialysis after 12-14 hours of fasting.
non-parametric Mann-Whitney U test. In addition, samples of CAPD solution and peritoneal dialysate eÄuent of nine patients on CAPD were also collected and analysed for ionic fluoride.
Tap-water was collected in 20-ml sterile polystyrene univer-Results sal containers from nine districts of Riyadh City. Bottled drinking water was purchased from local grocery stores.
Control subjects
Serum samples of 17 healthy, fasting staÂ members, Analytical methods consisting of 12 males and five females, with an age range of 29-57 years and a mean age of 39 years, were
Ten millilitres of blood were collected from healthy, fasting controls and patients in plain (without anticoagulant) poly-collected and analysed for ionic fluoride. None of the styrene containers and allowed to clot for 90 min at room staÂ members had a clinical history of bone or renal temperature. Sera were carefully removed after the centrifu-disease. Ionic fluoride concentration in 17 healthy gation (1000 g, 15 min at 4°C ) and stored at −20°C until subjects was determined from the calibration curve needed.
and the results are presented in Table 1 . The mean Ionic fluoride measuring system consisted of an ion-serum F− in 17 control subjects was 1.08±0.350 selective combination fluoride electrode (Orion, USA, model (mean±SD) mM/l with a range of 0.55-1.9 mM/l. A series of working standards, ranging from 0.5 mM/l to Table 1 . Serum ionic flouride concentration in control subjects and 1000 mM/l were prepared from stock fluoride standard solu-ESRD patients on dialysis tion (Orion #94-09-07). Total ionic strength adjustment buÂer (TISAB, Orion #94-09-09) was added in equal volumes to all the specimens prior to the measurement. the surface of the stirrer to minimize the heat generated by electrode potential value was recorded after an equilibrium J.S. Al-Wakeel et al 1422 than five females (0.92±0.370, range 0.6-1.5 mM/l ). serum F− concentration in 30 haemodialysis and nine CAPD patients was 2.5±1.137 and 3.1±1.197 mM/l However, this diÂerence was statistically nonsignificant (P>0.114).
respectively ( Table 4 ). The diÂerence in (P=0.0974) serum F− concentration between these two groups was slight and statistically not significant. A comparison ESRD patients on dialysis of mean serum ionic fluoride concentration between Thirty-nine ESRD dialysis patients aged 13-75 years healthy controls and ESRD patients on dialysis is with a mean age of 40 years, consisting of 22 (56%) presented in Table 4 , which shows that both HD and female (13-75 years, mean age 40 years) and 17 (44%) CAPD patients have significantly (P=0.0001) higher males (17-71 years, mean age 40 years), were recruited serum F− concentration than controls. for this study. Serum samples were analysed in duplic-
The mean fluoride ion concentration in CAPD soluate and the results are presented in Table 1 . The tions was 0.047 (0.045-0.05) mM/l. In order to assess mean±SD serum ionic fluoride concentration in 39 F− clearance ratio across the peritoneum, CAPD ESRD was 2.67±1.09 mM/l with a range of dialysate eÄuent of nine patients was also analysed 0.8-5.2 mM/l. Ionic fluoride (F−) values among 39 and the result are presented in Table 5 showing a mean patients are presented in Table 2 , which shows that F− clearance ratio of 0.064±0.1554 (0.39-0.90). two patients (5%) had their serum F− concentration in the range between 0.5 and 1.0 mM/l, three (8%) Drinking water between 1.1 and 1.5 mM/l, 11 ( 28%) were between 1.6 and 2.0 mM/l, and 23 (59%) had F− levels above Samples of tap-water from nine districts of Riyadh 2.0 mM/l. When compared by one-tailed T-statistics, city were collected and analysed for ionic fluoride. The the mean serum ionic fluoride in 17 males mean±SD F− concentration was 8.64±1.680 mM/l ( 3.05±1.04 mM/l ) was significantly higher (P=0.0306) with a range of 7.0-11.0 mM/l. At the same time, six than in 22 females (2.38±1.08 mM/l ), Table 1 . The popular brands of bottled drinking water were also concentration of F− among 39 ESRD patients accord-analysed. The mean±SD ionic fluoride concentration ing to various age groups is shown in Table 3 . The in bottled water was 47.4±3.286 mM/l with a range of mean serum F− in age group 13-20 years was 44.0-51.0 mM/l. 1.42±0.531 mM/l, whereas the rest of the six age groups, 21 to 71+ years, showed a combined mean Discussion F− concentration of 2.86±1.05 mM/l. The diÂerence in mean F− concentration between the age group 13-20 years and combined mean of rest of the age Fasting serum ionic fluoride concentration usually groups was statistically significant ( Table 3 ). The mean depends upon the amount of fluoride ingested chronically, and is determined primarily by the fluoride concentration in the drinking water [5] . The diet also Table 2 . Serum ionic flouride ( F−) levels in healthy controls and ESRD patients on dialysis contributes to the total fluoride input of the individual, but ground water is the major source of fluoride intake.
In Saudi Arabia and neighbouring Gulf countries, bottled water is generally used for drinking, while tap-
water is used for other household purposes. Our study showed F− concentration range of 7.0-11.0 mM/l and 0.5-1.0 10 59 2 5 44.0-51.0 mM/l in tap and bottled water respectively. concentration range of 39-50 mM/l in tap-water and 2.63-39.0 mM/l in bottled water [14 ] . The most probable cause of this significant discrepancy is the diÂer- concentration is achieved within 30-60 min after the jects was found to be slightly higher than in females.
In patients with chronic renal failure (CRF ), end-stage
renal disease ( ESRD), excretion of F− declines with a corresponding increase in plasma F− as well as enhanced accumulation in soft and hard tissues, thus ingestion. The concentration of ionic fluoride in leading to renal osteodystrophy [18 ] . Our study has plasma/serum depends upon the rate of absorption also shown significantly higher serum ionic fluoride from the gut, skeletal uptake, and excretion via the concentration in ESRD patients on dialysis than in kidneys. Fluoride is freely filtered through kidneys and control subjects. This is in agreement with earlier undergoes 51-63% tubular reabsorption [18 ] . In studies by Warady et al., Erben et al. and Bello et al. healthy subjects, fluoride clearance is approximately [8, 23, 27] . Moreover, ESRD patients on dialysis in age 40 ml/min/1.73 m2, and is directly related to the creati-group 13-20 years have significantly less serum ionic nine clearance and the urinary pH [18] [19] [20] . Therefore fluoride concentration than the rest of the age groups the factors (diet composition, metabolic or respiratory (Table 3 ). This is supported by the fact that despite disease, and certain drugs) which aÂect the urinary pH having renal failure, actively growing people deposits have also been shown to alter the metabolism and more fluoride in the skeleton than older people, in renal clearance of fluoride [18] [19] [20] . The range of serum whom skeletal uptake is considerably reduced. Unlike ionic concentration in our healthy control subjects our male control subjects, who showed slightly raised ( 0.55-1.9 mM/l ) is in close agreement with those but statistically non-significant serum F− concentrareported by Husdan et al. It is important to note that this diÂerence is ranges reported by some other authors are relatively not age related as both male and female patients have higher (Singer and Ophaug, 0.53-5.9 mM/l; Parkins a comparable mean age of 40 years. This type of et al. 1.0-5.9 mM/l ) when compared with the present correlation between serum F− concentration and sex study [24, 25] . This is most probably due to the variis not reported elsewhere, and therefore need further ation in the daily fluoride intake, average fluoride investigation. content in the regular diet, and the method of fluoride reported that in adults receiving long-term CAPD, serum F− concentration in healthy subjects remain constant upto age of 45 years and then tends to plasma fluoride levels were more than twice normal
